to multinomials, is neither novel nor complex. For one of the procedures discussed below, investigators in several disciplines have arrived at the same or a related approach. Nevertheless, neither the elaboration of general principles for describing diversity nor their application to a variety of sociological problems has heretofore been reviewed. Accordingly, the use of diversity measures is not as widespread as their potential applications. In addition to reviewing the general principles underlying these measures, several illustrations are provided in order to demonstrate the computational procedures.
BASIC MEASURES
Diversity Within a Population. The term "diversity" is employed here to describe the position of a population along a continuum ranging from homogeneity to heterogeneity with respect to one or more qualitative variables.' Suppose an investigator wishes to measure the degree of religious diversity within a specified aggregate, e.g., a city. Obviously, some quantitative measure is necessary in order to describe the city's diversity or to compare it with another community. A very simple operational solution is to describe the city in terms of the probability that randomly paired members of the population will hold different religious affiliations. We may ask: if all residents of the city are paired together two at a time, what proportion of the pairs combine persons with different religious affiliations? Following a modification of Greenberg's terminology (1956), this basic measure of diversity within a population shall be designated as the A, index.
Suppose there are four religions in a city such that the proportion of the total population affiliated with each religion is represented by: 4 X1, X2, X3, X4, and Y Xi_ 1.00.
i_ 1
Assuming sampling with replacement in order to simplify the approach, we find that the proportion of pairs with each possible religious combination is merely the square of the above multinomial. Thus, The proportion of pairs with a common religion, S, is simply the sum of squares for all religious groups, in this case the first four terms. The proportion of pairs without a common religion, D, is the sum of the last six terms. D+S 1.00. Since S is usually easier to compute than D, Aw, the probability of a different religion for two persons randomly sampled from the city, is 1.00-S. If everyone has the same religion, Aw would be 0. If every resident has a different religion, then the index would be 1.00.2 Diversity is described by Aw as the probability that randomly paired members of a population will be different on a specified characteristic. This operational interpretation has drawn praise from Goodman and Kruskal (1959:155) , who cite Greenberg's paper as "one of the few instances we know in which descriptive statistics are constructed so as to have operational interpretations in the sense that we have discussed." The gamma measure of association proposed by Goodman and Kruskal is similarly based on the assumption of randomly picked pairs (1954:748).
Except for the fact that some authors prefer to measure diversity in terms of the probability of agreement (1 -Aw), this index is essentially identical to (1) Gini's index of mutabilty proposed in 1912 and Bachi's index of linguistic homogeneity (both cited in Bachi, 1956:197) ; (2) the measure of diversity described by Simpson (1949) ; (3) the P* index employed by Bell (1954) in his modification of the Shevky-Williams index of isolation; and (4) the measure of industry diversification proposed by Gibbs and Martin (1962) and also used by Gibbs and Browning (1966) . Except for modifications due to sampling without replacement or an effort to take into account the true range I This definition of diversity differs somewhat from its use in plant and animal ecology where it refers to the number of different species found in a community. The related concept of "dominance" is closer actually to the notion of diversity employed here (see Whittaker: 1965), of possible values for a given number of categories, A, is basically the same as the index of qualitative variation described by Mueller and Schuessler (1961:177-179) ; the index of economic differentiation proposed by Amemiya (1963) ; and the adjusted D measure employed by Labovitz and Gibbs (1964) . An application discussed below of this diversity measure to spatial segregation is similar to the approach used by Rhodes, et al. (1965) .
Diversity Between Populations. The second basic measure of diversity, Ab, is described in Lieberson (1964) . Ab is based on the same reasoning as Aw, but is appropriate for the measurement of diversity between two populations. To continue with the illustration based on religious composition, suppose the investigator wishes to determine the degree of religious cohesion between two cities. We may ask what is the probability of obtaining different religions if residents of each city are randomly paired together? In other words, if all possible pairs are formed that include one member of city X and one member from city Y, in what proportion of the pairs will there be different religions? An Aw index computed for the combined populations is clearly inferior to Ab since the former will be influenced by the relative sizes of the two cities, the degree of diversity within each city, and the differences between corresponding proportions in the two cities.
The religious distributions for the two cities are multiplied together to obtain the frequency of all types of combinations. Thus,
The first four terms of the product are pairs with a common religion; combinations between different religions are represented by the last four terms. Hence, the proportion of pairs with the same religion, S, is the sum of all cross-products between the two cities in which a common religion is held, i.e., the same subscript. All other cross-products represent combinations of dissimilar religions, D. Since S is easier to compute than D, Ab-1-S. There are numerous situations when the investigator wishes to describe a population that is cross-classified by more than one qualitative variable. For example, suppose one wishes to determine the degree of homogeneity within each social class with respect to such attributes as race, religion, political preference, and the like. Conventionally, one can report the composition of each social class for a single variable at a time. But diversity measures offer the opportunity to describe the homogeneity of the classes with respect to all of these characteristics simultaneously. Likewise, the A indexes may be applied to a series of attitudinal questions that require "yes" or "no" answers. In this case, the investigator can describe the average level of consensus within and between groups of respondents. In presenting these applications, it will be useful to distinguish between situations where at least one of the qualitative variables is polytomous (divided into more than two parts) and those situations where all of the qualitative variables are dichotomous.
Polytomous Variables. Suppose a social class is cross-tabulated by several polytomous and/or dichotomous variables, for example, religion (3 classes: X1, X2, X3), race (2 classes: Y1, Y2), and political preference (3 classes: Z1, Z2, Z3). As before, the investigator wishes to measure the magnitude of the bond existing within the population on the basis of these three characteristics. If all the members of a social class are randomly paired, A, indicates the average proportion of disagreement between pairs on the characteristics under study. The maximum form of cohesion occurs if everyone belongs to the same religion, the same race, and holds the same political preference. In this case, A, would be zero since every possible pair would consist of persons who are identical on all three variables. If each person had a unique religion, party, and race, there would be no bond between anyone in the community and A, would tend towards 1.00.
The number of combinations that are possible is readily derived from the number of categories existing in each variable. Thus, in this particular illustration, there are 18 combinations (3 x 2 x 3=18). Each person in the population belongs to one of eighteen possible combinations of religion, race, and party. The proportion of the total population belonging to each combination may be readily determined. For each combination, it is possible to measure its degree of similarity with any other combination. For example, two persons, both belonging to the same combination, eg., X1 Y2Z3, are similar on all three of the relevant variables. If someone who belongs to the X1Y2Z3 combination is paired with an XlYlZ2, they share a common religion (X1), but differ on Y and Z. Hence, they share one of the three characteristics, and such combinations would be given an agreement weight of 1/3. Pairings between an X1Y2Z3 and an X2Y2Z3 would be given the weight of 2/3, since they have a common race and party; pairings between an X1Y2Z3 and X2Y1Z1 would get zero weight since they share no common characteristics, etc.
Once the proportion of the entire population belonging to each combination is determined along with the proportion of attributes they share in common with every other combination of attributes (the weights), the A, index can be readily computed in the analogous fashion to that described earlier for a diversity index based on a single polytomy. Here, however, the pairs between any two combinations must be considered as possibly leading to some degree of commonly shared characteristics. Thus, the formula for computing the A, index within a population cross-classified by two or more qualitative characteristics is: N N N AW=1-( IE C2j+2 E~ E CjjWjj), (1) i 1 i_1 j>i where Ci is the proportion of the population in a given combination; N is the number of combinations; Cij refers to a pair of combinations, i and j, expressed as the cross-product of their proportions of the population; and Wij is the proportion of specified characteristics shared between the pair of combinations designated by CIj. The A, index described earlier for a single multinomial may be viewed as a special case where all the values for Wij are zero except for the weights of 1.00 given to the square of each proportion of the total population. Here, by contrast, the proportion of the population belonging to each combination is
where CI refers to the proportion in combination i in the first population, C; refers to the proportion in combination j in the second population, and Wij refers to the proportion of agreement between combinations i and j. Based on data reported by Lipset (in Smelser, 1967:496) on the cross-tabulation be- Derived by induction, the equation shown below provides a short-cut method for determining diversity within a population with at least one polytomous variable:
where Yk is the proportion of the population responding affirmatively to a given choice within each of the variables; V is the number of variables; and p is the total number of choices within all of the variables. For diversity between two populations, Equation 4 may be used instead of Equation 2, whether or not data on the specific combinations are available:
where Yk and Y'k are the proportion responding affirmatively to a given choice within each variable for, respectively, the first and second populations. Based on the religion-party-SES data used above, Table 3 plication of the A indexes under these circumstances, namely to attitudinal data. It is rather common in attitudinal survey research to ask a series of questions that require respondents to answer either "yes" or "no." Usually, the percentage answering yes to each question is reported, thereby giving an indication of the frequency with which each attitude is held. A Guttman scale or factor analysis may also be used to obtain a series of underlying dimensions. But none of these procedures allow for measurement of the general level of consensus within the population of respondents.
Diversity measures make it possible to view responses to a series of yes-no questions in terms of the proportion of unlike answers held by respondents randomly paired together. Equations 1 and 2 can be applied to attitudinal diversity when all of the qualitative variables are dichotomous. However, the short cut methods for computing A, and Ab are different from Equations 3 and 4.
Before describing the short cut proce- Table 6 ). Table 4 gives the proportion of veterans in each of the 16 different possible response combinations to the four dimensions. For example, .053 said "no" to all four of the items (abcd), and nearly 20%7o of the respondents scored as prejudiced in the first three domains but not on the last (ABCd). As before, a matrix of weights (Wij) between each of the 16 possible combinations is constructed. This set of weights, shown in Table 5 , is based on the same procedures as described earlier. For example, combinations between someone who agrees only to A (an Abcd) and someone who scores as prejudiced in the B and C dimensions (aBCd) are given the weight of .25 since they agree on one of the four responses, namely, they both say no to the last dimension. By similar reasoning, pairings between an Abcd respondent and an ABCd respondent are given the weight of .50 since they agree on two of the four items-yes to A and no to D.
Applying Equation 1, we note that the level of attitudinal diversity is .343 7 (see Table 4 ). In effect, if the population of respondents in the Bettelheim-Janowitz study were randomly paired together, they would disagree on an average of about one third of the items. Since there are four items in this case and A, is .34, the average number of items with disagreement is 4(.34), or 1.36.
A quick method of computing the A indexes for attitudinal responses is based on the equations shown below: where Xk and X'k refer to the proportion responding affirmatively to a given attitudinal question in the two respective populations; and where n is the number of attitudinal questions used. These methods not only permit rapid computation of the diversity indexes, but also computation of attitudinal diversity even when the investigator has not given cross-tabulated data. Table 6 illustrates the computations based on Equations 5 and 6 for the Bettelheim-Janowitz data shown earlier.
Expected Distribution. The expected distribution for the various combinations can be readily computed for populations with two or more qualitative variables, regardless of whether they are dichotomous or not. One can then compare the actual combinations with the frequency expected under the hypothesis that the responses to one variable are independent of the responses to another variable. However, this requires that the distribution in each combination be known.
Using the data reported in Table 4, Table 7 Table 7 give the probability that randomly paired members of each ethnic group will have a common official language. Or, to put it another way, Hw describes the proportion of all possible pairs within each ethnic group in which a common language bond exists. The Hw indexes for the British and French are, respectively, .97 and .98. It is clear that the linguistic communication potential is nearly at its maximum within each of these two major ethnic groups.
The ) give the relative influences of composition and segregation, respectively, on the total pattern of racial isolation. In reality, of course, it is unlikely that interaction will be restricted to sub-areas or will be random within each sub-area. However, the use of these measures does provide a ready index of the spatial and compositional influences on potential interaction. As the illustration with three different groups indicates, the B index allows for a single over-all index of isolation in a city that includes more than two groups. Bell's index, P*, provides another application of diversity measures to the segregation problem. Restating the Shevky-Williams indexes of isolation, Bell (1954) applies a probabilistic approach to segregation that is useful for considering the degree of isolation for a specific group. For a randomly selected member of group X in a city, P* gives the probability that someone selected from the same residential sub-area will also be a member of group X. The probability that a randomly selected member of group X will reside in a given tract i is a function of X-where X and xi are the total number of the group in the city and census tract, respectively. Assuming sampling with replacement, the probability of a second person sampled in tract i also being a member of group X is xi, where t1 is the total population In summary, there is a strong argument for employing a measure such as the index of dissimilarity when the investigator wants an indicator of segregation that is not distorted by the population composition of the groups involved. On the other hand, the impact of a given segregation pattern will be affected greatly by the composition of the groups in the city. In this latter context, B and P* are indicators of isolation that take into account both composition and the pattern of residential dissimilarity.
A, gives the probability that a randomly selected pair in the city will differ with respect to the variable under study, for example, race, ethnic origin, socioeconomic status, etc. The B index also considers the probability of heterogeneous pairs, but is based on sampling within each sub-area of the city. The difference between the values of A, and B reflects the added effect of the dissimilarities between the groups' spatial patterns. The second measure of isolation described above, the P* index proposed by Bell, is based on the logic described for diversity measures. Combining the influence of both composition and segregation, P* describes the net isolation of a given group. in short, the diversity measures may be easily standardized in order to provide a measure of the maximum possible diversity under specified conditions. But there are certain serious difficulties that may result when making comparative studies. Whenever the goal is to describe the actual level of diversity, then the unadjusted measures are desirable. In the case of the two fraternities, a radical difference in their diversity results from the use of A',, even though the two groups have nearly identical religious composition. In so far as the proposed measures are used to describe the level of diversity between or within populations, the use of a standardization procedure is inappropriate.
SPECIAL
Sampling Distribution. No attempt is made to consider problems that occur when the diversity measure is based on a sample. In the simple instance of a sample population classified by one qualitative variable, the procedure for generating an unbiased estimator proposed by Simpson (1949) may be used. However, it is important to recognize that problems may exist in drawing infer-'ences from samples of two or more populations. For a general discussion of the distinction between estimation and hypothesis testing and the problems that occur in dealing with standardized measures, see Kalton (1968) .
Residuals. In practice, the investigator may encounter data that include a residual "other" category with respect to a qualitative characteristic. If the proportion of the total population falling into such a residual class is small, little difficulty is faced since the diversity measures are not greatly affected. It is rather easy to determine how small is "small." Suppose, for example, that 5% of the total population is reported in a residual category. The two extreme assumptions are: (1) all 5%o belong to a single qualitative category, "O"; (2) each respondent belongs to a unique qualitative category not shared by anyone else in the population. Computation of the A index under both extremes gives the range of the true A index if greater detail had been enumerated and reported. Should the two assumptions lead to very different values of the diversity index, the possible range of diversity must be reported unless there is independent information about the composition of the residual population.
In actual practice, most residuals are too small to have much effect on the A, index. Accordingly, one can subdivide the "others" into three separate categories consisting of 1/2, 1/3, and 1/6 of the total residual responses, with each treated as separate subcategories in all computations (see Table 1 ).
Sampling With Replacement. All of the A, measures are based on the assumption of sampling with replacement. In effect, this means that each respondent is viewed as having a certain chance of being paired with himself when diversity is measured within a population. Except for very small populations, this procedure has little effect on the diversity index but does permit much simpler computations and derivations. The assumption of sampling with replacement is not relevant for the Ab indexes since they are based on pairs that include one member of each population.
GENERAL CONCLUSIONS
The measures of diversity described in this paper should be viewed not only in terms of their applications to the research problems specified, but also as illustrating the potential range of descriptive problems that can be approached through the use of elementary permutations and combinations. There are several critical features to bear in mind:
( 1 ) diversity is viewed as a population's position along a continuum ranging from homogeneity to heterogeneity with respect to one or more qualitative variables; (2) diversity is operationalized by determining the degree of unshared characteristics among all possible pairs within or between populations; and (3) many descriptive summary measures can be readily developed as variations of the basic A, and Ab indexes described at the outset.
